Abstract: Square-planar coordinate Ni 2+ ions in oxides are exclusively limited to alow-spin state (S = 0) owing to extensive crystal field splitting.L ayered oxychalcogenides A 2 Ni II O 2 Ag 2 Se 2 (A = Sr,Ba) with the S = 1NiO 2 square lattice are nowreported. The structural analysis revealed that the Ni 2+ ion is under-bonded by as ignificant tensile strain from neighboring Ag 2 Se 2 layers,l eading to the reduction in crystal field splitting.B a 2 NiO 2 Ag 2 Se 2 exhibits aG -type spin order at 130 K, indicating fairly strong in-plane interactions.The highpressure synthesis employed here possibly assists the expansion of NiO 2 square lattice by taking the advantage of the difference in compressibility in oxide and selenide layers.
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Layered oxychalcogenides and oxypnictides comprising of alternate stacking of oxide layers and chalcogenide/pnictide layers have shown interesting properties.
[1] Fore xample,t he FeAs layer in LaOFeAs is responsible for high-T c superconductivity,w here the charge reservoir LaO layer controls the doping levels by aliovalent substitution. [2] Excellent thermoelectric properties in BiOCuSe are achieved by combining ah igh electronic conductivity in the CuSe layer with alow thermal conductivity in the BiO layer. [3, 4] Al ayered compound A 2 MO 2 M' 2 X 2 (A = Ba, Sr, Ca;M , M' = transition metal;X = chalcogen, pnictogen) has MO 2 square-lattice sheets,sandwiched by M' 2 X 2 layers.
[1] Although superconductivity has not been reported, the absence of apical ligands in the MO 2 layer, which is crucial to optimize T c values for cuprates, [5, 6] offers an ideal platform to study physical properties intrinsic to the square lattice.Sofar,MO 2 layers with S = 5/2, and S = 3/2 have been realized, respectively,b yM = Mn II (for example,S r 2 MnO 2 Zn 2 As 2 ), [7, 8] Co II (for example,SrCoO 2 Cu 2 S 2 ). [9] Of particular importance is the S = 1s quare lattice for which strong quantum fluctuations are expected. Unfortunately,t he Ni II ions in this family (for example, Sr 2 NiO 2 Cu 2 S 2 ) [10] and other squareplanar coordinate oxides such as LaNiO 2.5 [11] and BaNiO 2 [12] Figure 2 ) were readily indexed using ab ody-centered tetragonal (bct) cell with a = 4.21554(7) and c = 20.1965-(6) for M = Ni and a = 4.2248(1) and c = 20.135(1) for M = Cu. These patterns resemble with that of Ba 2 CoO 2 Ag 2 Se 2 [13] with the I4/mmm space group (Figure 2 , bottom). No impurity was seen for M = Cu, while tiny unknown peaks were detected for M = Ni. No peaks associated with superstructures as observed in Ba 2 ZnO 2 Ag 2 Se 2 [14] were found. Likewise,t he XRD pattern of Sr 2 NiO 2 Ag 2 Se 2 , synthesized at 5GPa and 850 8 8C, was mainly indexed by the bct cell (a = 4.09460 (8) , c = 19.2733(8) ), with additional reflections from SrSe and unknown impurities (Supporting Information, Figure S1 ). All synthetic attempts under ambi- We carried out Rietveld analysis on the synchrotron XRD data for the Ag-based systems ( Figure 3 Figure 3 and the Supporting Information, Figure S4 and Table S1 . [15] Ba 2 CoO 2 Ag 2 Se 2 , [13] and LaOAgSe [16] (2.74-2.76 ). By contrast, the M À Ob onds in the MO 2 Table S1 ). TheM n ÀOd istance of 2.20 is even longer than 2.13 for Ba 2 MnO 2 Ag 2 Se 2 with the longest MnÀOb ond. [13] In square-planar coordinate nickel oxides, [10] [11] [12] the Ni II ion is subject to intense crystal field, making it exclusively al ow spin (S = 0) state,asshown in Figure 4a .However,once Ni À O bonds are elongated, the anti-bonding d x 2 Ày 2 level will be stabilized, which may eventually lead to ah igh-spin state (Figure 4b ). In fact, the magnetic susceptibility of Ba 2 NiO 2 Ag 2 Se 2 ( Figure 5a )c learly demonstrates that this 11, 12] and S = 1( this study). Note that according to BVS, the ideal Ni II ÀO/ Cu II ÀOdistances for square planar coordination are 1.91/1.935 . [22] nickelate is magnetic;asteep increase below about 150 K followed by am aximum at around 130 Ki mplies magnetic order to ac anted antiferromagnetic state (see details in the Supporting Information). Powder neutron diffraction (PND) pattern at 5K (Figure 5b )e xhibits magnetic reflections assigned with ap ropagation vector of (1/2, 1/2, 0). Because of limited intensities and resolution, we simulated amagnetic pattern, where Ni moments were assumed to align perpendicular to [001] as expected from magnetic HOMO-LUMO interactions (Supporting Information, Figure S8 ), [21] and obtained ar easonable agreement for S = 1 ( Figure 5b ; Supporting Information, Figure S9) . Theo ccurrence of Gtype spin order at 130 K, despite the long interlayer distance (ca. 10 ), indicates strong in-plane antiferromagnetic interactions.
Them agnetic ground state of Sr 2 NiO 2 Ag 2 Se 2 is also evident;t he Curie-Weiss fitting above 150 Kg ave an effective magnetic moment of P eff = 2.97 m B (thus consistent with S = 1), along with aW eiss temperature of À158 K (Supporting Information, Figure S7 ). Ac omplex c-T curve below 40 Ki mplies ac ertain magnetic transition, but the absence of magnetic reflections at 6K(Supporting Information, Figure S12 ) indicates as pin-glass state,a sf ound in Sr 2 CoO 2 M' 2 Se 2 (M' = Cu, Ag) [15] and A 2 MnO 2 Zn 2 As 2 . [22] The difference in the ground state between Ba 2 NiO 2 Ag 2 Se 2 and Sr 2 NiO 2 Ag 2 Se 2 may be ascribed to that in the interlayer interactions. Figure 4c suggests that aspin crossover from alow-spin to high-spin state occurs at ac ritical Ni À Od istance between 2.00 and 2.05 .Ahigh spin state is reported in Sr 2 NiO 2 Cl 2 with d Ni-O = 2.02 , [17] but the apical chlorine ligands have as ubstantial contribution to the BVS (0.30) and hence to crystal field splitting (CFS). In contrast, the BVS for Se ( 2) in A 2 NiO 2 Ag 2 Se 2 is less than 0.05. Since Se is in general aw eaker ligand field than O, [23, 24] and the Ni À Se distance of 3.3 is much longer than typical cases (ca. 2.6 ), the contribution of Se to CFS would be much smaller. Note that it is not straightforward to extract the effect of splitting from calculation (see details in the Supporting Information).
DFT Figure S13 ), electron doping to the NiO 2 layer by chemical substitution is of interest by analogy with cupric superconductors.
Clearly,t he expanded MO 2 square lattice in the four compounds is enabled by al arge tensile strain from the neighboring Ag 2 Se 2 or Ag 2 Te 2 layers,w ith an additional contribution from Ac ations.T hen, an atural question that arises is what makes the present phases accessible by high pressure synthesis.Possibly,the high pressure is advantageous for stabilizing acompound with aMO 2 square-planar slab due to facile contraction perpendicular to the plane,a ss hown in SrFeO 2 [25] and Sr 2 MO 4 (M = Cu, Pd). [26] Another possibility, which seems more relevant, is that under the synthetic condition (that is,h igh pressure) the size mismatch between Ag 2 Se 2 and MO 2 layers could be in an acceptable range,owing to al arge difference in compressibility of the two layers. Conversely,t he mismatch would be too large to form these compounds under ambient condition. To support this,c halcogenide (S 2À ,S e 2À ,T e 2À )a nions are approximately twice compressible than an oxide anion (O 2À ), as seen in rock-salt SrX (X = O, S, Se,T e): bulk modulus of SrSe is 45 GPa while that of SrO is 91 GPa. [27] Once these compounds are formed under high pressure and high temperature,u pon pressure release (after quenching temperature), the Ag 2 Se 2 layer expands significantly,p roviding al arge tensile strain to the MO 2 sheet. Thus,t he use of high pressure could be au seful strategy to tune the bond length of MO 2 lattice more extensively than otherwise possible.
